Objectives: To develop a composite index to describe the overall breast-feeding performance of infants ,6 months of age; and, using this index, to identify the factors associated with poor breast-feeding practices and the association between breastfeeding and infant morbidity. Design, setting and subjects: The 2003 Demographic and Health Survey was a multistage cluster sample survey of 4320 households in Timor-Leste which covered 573 infants aged ,6 months. Breast-feeding Performance Index (BPI) was constructed by allocating one point for each of seven infant feeding practices: first suckling within an hour of birth; absence of prelacteals; non-use of feeding bottles; current breastfeeding; not receiving liquids; not receiving formula or other milk; and not receiving solids in the last 24 hours. BPI was treated as the dependent variable in univariate and multivariate analyses to identify the factors associated with poor breast-feeding. Results: Exclusive breast-feeding rate was 29.9%. The BPI (mean 4.4, standard deviation 1.77) was categorised as low, average and high according to tertiles. Multivariate analysis indicated that infants from the richest households were 1.70 (95% confidence interval (CI) 1.04 -2.77) times more likely to have 'low BPI' than the poorest. Maternal BMI ,18.5 kg m 22 was predictive of poor breast-feeding (odds ratio ¼ 1.79; 95% CI 1.27 -2.52). In the 'low' BPI group, the incidence of diarrhoea (13.4%) and acute respiratory infections (20.7%) during the previous two weeks was significantly higher than in 'average' (4.3 and 9.3%) and 'high' BPI groups (4.6 and 5.5%). Conclusions: Creating a composite index to assess the overall breast-feeding performance among infants ,6 months of age is feasible. BPI can be effectively used to identify target groups for breast-feeding promotion interventions.
Composite child feeding indices are becoming increasingly important in the measurement of health outcomes of feeding practices, identification of determinants of poor feeding performance and evaluation of the effectiveness of nutritional interventions 1 -3 . The main advantage of creating an index is that it can capture multiple dimensions of infant feeding practices into a single summary variable that can be used in the analyses of relationships with potential risk factors or health outcomes 3 . However, most previous research on associations between breast-feeding practices and health outcomes of infants have only considered the individual breast-feeding indicators such as exclusive breast-feeding, full breast-feeding and bottlefeeding rates 4 -6 . A large body of literature discusses predictive or risk factors of breast-feeding performance in different parts of the world, and the majority of these studies also focused on individual dimensions of breastfeeding 7 -9 . Breast-feeding status among infants , 6 months of age constitutes several dimensions including timely initiation, exclusiveness, and whether or not the infant is given prelacteal feeds and bottle-feeds. The World Health Organization (WHO) infant feeding guidelines recommend that infants should be exclusively breast-fed for the first six months of life to achieve optimal growth, development and health 10 . It is estimated that 10 -15% of deaths among the under-fives in resource-poor countries could be prevented through achievement of universal coverage of exclusive breast-feeding alone 11 . In order to ensure success in breast-feeding, it is important that it be initiated as early as possible after delivery, preferably in the first hour of life 12 . The avoidance of exposure to pacifiers and prelacteal feeds is important for successful breast-feeding since such exposures are associated with low exclusive breast-feeding 13, 14 . Breast-fed infants have a lower incidence of infections and better cognitive development than bottle-fed infants 15, 16 , and this indicates the need for taking into account bottle-feeding status in quantifying the overall breast-feeding performance.
Creating a child feeding index would be both feasible and useful, especially to quantify the strength of the association between child feeding practices and nutritional outcomes, and to study maternal and socioeconomic barriers to optimal feeding practices 2 . A previous group has developed an age-specific composite feeding index for children aged 6-36 months using Demographic and Health Survey (DHS) data 2, 3 . The index was created by combining information on the key dimensions of child feeding practices based on current feeding recommendations for children 6-36 months of age 2, 3 . Subsequently, this index has been used to estimate the strength of the association between child feeding practices and child nutritional indicators such as heightfor-age Z-scores 3, 17, 18 . The usefulness of an overall breastfeeding score in programme evaluations should not be underestimated since most programmes address more than a single breast-feeding behaviour 19 -21 . An overall breast-feeding behaviour score has been used in an evaluation of the impact of community-based strategies for improving breast-feeding practices in Ghana 1 . The score was derived from five ideal breast-feeding behaviours: giving colostrum to newborns; not giving water; not giving watery foods; never using a feeding bottle; and current breast-feeding status 1 . However, a search of the literature shows a consistent lack of such an index for infants , 6 months of age, whom depend on breast-feeding alone. The Timor-Leste 2003 DHS is a useful and valid source of information on infant and child feeding practices from a representative national sample of women of reproductive age and their pre-school-aged children 22 . This secondary data analysis of the Timor-Leste 2003 DHS aims to develop a valid composite index (Breast-feeding Performance Index) to describe the overall breast-feeding performance in infants ,6 months of age. It also aims to identify the factors associated with poor breast-feeding performance and to establish the association between breast-feeding and infant morbidity outcomes using this index.
Methods
The data source for the present study was the Timor-Leste 2003 DHS. This cross-sectional household survey was conducted over four months from May to August 2003, using a multi-stage cluster sampling method to recruit into the survey 4320 households from four different geographic areas in the country. The urban stratum was drawn from Dili, Bacau and other smaller district towns; the rural west stratum included the three most western districts; the rural central stratum included six mainly mountainous districts; and the rural east stratum included the three most eastern districts. From the sampled households, 4177 eligible women were interviewed about their children born in the five years preceding the survey using a structured pre-coded questionnaire. The response rates for individual interviews with women were very high (98.4%) and similar across each stratum. Of the 5790 children under 5 years old recruited into the survey, there were 573 infants , 6 months of age.
In this survey, mothers were asked how soon after birth the baby was given breast milk and whether the child was given anything other than breast milk during the first three days of life before the mother started breast-feeding regularly. Information about current feeding practices was obtained by asking about breast-feeding and any other foods or liquids given to the child in the 24 hours prior to the interview. The household wealth index was based on information collected about 22 household assets and facilities 23, 24 . The principal components statistical procedure was used to determine the weights for this index, which was subsequently divided into three categories. The bottom 40% of households was arbitrarily referred to as poorest households, the next 40% as the middle households, and the top 20% as richest households.
Women were also questioned about whether their infants had experienced cough or diarrhoea at any time during the two weeks prior to the interview. Infants who had cough with difficult or short rapid breathing irrespective of fever were considered as having acute respiratory infections. The prevalence of diarrhoea was defined as the percentage of infants ill with diarrhoea as reported by the mother (or guardian) at any time during the two weeks preceding the interview. The weights and heights of the mothers were measured using standardised procedures described in the Timor-Leste 2003 DHS report 22 . The survey design, sampling, survey instruments, survey organisation and nutritional status measurements have been described in detail elsewhere 22 .
Data analysis
Data analysis was performed using the 'SVY' commands of Stata version 9.0 (Stata Corp) to adjust for the cluster sampling design and to apply appropriate sampling weights. In keeping with the global infant feeding recommendations, seven dimensions were identified as important in describing the overall breast-feeding performance among infants aged , 6 months. These dimensions were: (1) first suckling within an hour of birth; (2) absence of prelacteal feeds during the first three days of life; (3) non-use of feeding bottles/teats in the last 24 hours; (4) breast-feeding in the last 24 hours; (5) not receiving water or water-based liquids (with the exception of drops or syrups consisting of vitamins, mineral supplements or medicines) in the last 24 hours; (6) not receiving formula milk or any other milk in the last 24 hours; and (7) not receiving solids or semi-solids in the last 24 hours. The Breast-feeding Performance Index (BPI) was constructed by combining these seven dimensions into a single composite index by scoring one point for each dimension ( Table 1 ). The scoring system gives BPI of an individual a value between 0 and 7.
Assigning equal weights (one point) for each dimension was based on the assumption that each practice was equally important. Since this is an arbitrary assignment of weights, the principal components analysis (PCA) method was also used to assign weights for individual indicators and subsequently to create a standardised index. The PCA procedure consolidated the seven dimensions under consideration into a single dimension using weighted scores. The PCA method has been previously used to assign weights in constructing a household wealth index using household assets data in national representative surveys 23, 24 . According to individual BPI values by the equal weight and PCA methods, each infant was assigned to one of the tertiles in the sample. The bottom 33.3% of infants was arbitrarily referred to as 'low BPI', the next 33.3% as 'average BPI', and the top 33.3% as 'high BPI'.
Correlation coefficients were calculated between the proportions of infants belonging to each sociodemographic category according to BPI tertiles by the PCA method and the equal weight method. The correlation coefficient of the BPI tertiles between the equal weight method and the PCA method was highly significant (r ¼ 0.9346, P , 0.0001) indicating a strong linear relationship between the two methods. The proposed method, with equal weights for each feeding dimension, was used in the subsequent analyses because of its simplicity.
BPI was treated as the dependent variable in the univariate and multivariate analyses to identify the factors associated with poor breast-feeding. The associations between 'low BPI' (lower 33.3% of BPI) and geographical region, ecological zone, household wealth index, mother's working status, maternal educational level, maternal age, place of delivery, birth order, sex of infant and maternal body mass index (BMI, weight/height 2 ) were examined by unadjusted odds ratios (ORs) and 95% confidence intervals (CIs). All of the independent variables were then entered into a multivariate model to estimate the unconfounded associations by adjusted ORs and 95% CIs. In order to establish the association between BPI and infant morbidity, the proportion of infants with diarrhoea or acute respiratory infections in each BPI category was estimated, and the differences between proportions were evaluated using 95% CI.
Results
The proportion of mothers who complied with each of the seven breast-feeding practices under consideration is presented in Table 1 . Although 96% of the infants ,6 months old were currently breast-fed during the previous 24 hours, the exclusive breast-feeding rate was 29.9%. In this population, a high proportion of the breast-fed infants received artificial milk (60.3%), solids (47.7%) and other liquids (45.6%). Approximately 48% of the , 6-month-old infants had breast-feeding initiated within the first hour of birth, and 9.4% were fed with bottles. Table 2 illustrates that, despite a high and relatively consistent current breast-feeding rate, practices such as timely first suckling, bottle-feeding and receiving supplementary feeds varied with sociodemographic characteristics and maternal BMI. Infants from the rural west region showed the highest rates for some practices (timely first suckling 76.2%, absence of bottle-feeding 99.0%), but the worst performance with respect to exclusiveness of breast-feeding (artificial milk 81.2%, solids 61.4%, liquids 49.5%) compared with other regions. Mothers from the richest households consistently reported poorer breastfeeding practices than mothers from the middle and the poorest households, mainly due to higher rates of feeding artificial milk and use of feeding bottles. Infants born in health facilities were more likely to be delayed in initiating breast-feeding and more likely to be given artificial milk, solids, other liquids and bottle-feeds. Introduction of artificial milk, solids and other liquids to the infant was higher among mothers with BMI , 18.5 kg m 22 than in those with higher BMI. The BPI scores of individual infants ranged from 0 to 7 with a mean of 4.4 (standard deviation 1.77). Table 3 illustrates the proportions of infants belonging to each BPI tertile according to sociodemographic category. Infants with 'low BPI' varied from 27% in the rural west region to 35% in the urban region. Prevalence of 'low BPI' was higher among infants from the lowlands (32.8%) compared with those from the highlands (25.0%), and in those born in health facilities (42.3%) compared with those who delivered at home (29.8%). 'Low BPI' was also more prevalent in infants from the richest compared with the poorest households, in first-born infants compared with the second-born and above in the family, and in mothers with BMI , 18.5 kg m 22 compared with $ 18.5 kg m 22 . Table 4 shows the unadjusted and adjusted ORs for the associations between BPI levels and sociodemographic characteristics of infants aged , 6 months. The adjusted Higher birth order (fifth and above child in the family) appeared to be protective against poor breast-feeding practices (OR ¼ 0.41; 95% CI 0.21 -0.80). Based on the multivariate analysis, maternal education level, working status and age were not associated with the overall breastfeeding performance among infants ,6 months of age. No association was found between 'low BPI' and geographical region or ecological zone.
As illustrated in Fig. 1 , the incidence of diarrhoeal diseases during the previous two weeks was 13 .4% (95% CI 10.0 -17.9%) in the 'low BPI' group, compared with 4.3% (95% CI 2.3-7.9%) in the 'average BPI' and 4.6% (95% CI 2.7-7.6%) in the 'high BPI' groups. The occurrence of symptoms suggestive of acute respiratory infections among infants of the 'low BPI' group (20.7%; 95% CI 16.3-26.0%) was significantly higher than in the 'average BPI' (9.3%; 95% CI 6.5-13.2%) and 'high BPI' (5.5%; 95% CI 3.4-8.6%) groups.
Discussion
Our findings point towards the feasibility and usefulness of a composite index (BPI) to assess the overall breastfeeding performance among infants aged , 6 months. This index should not replace the conventional indicators such as timely first suckling, exclusive breast-feeding and bottle-feeding rates, but provide supplementary information about the overall infant feeding performance. The BPI is useful when trying to identify factors associated with poor breast-feeding practices for targeting of breastfeeding education and behaviour change interventions. However, a detailed examination of the individual infant feeding indicators in the subpopulations with low BPI would still be needed when designing interventions. The index could also be useful in establishing the association between breast-feeding and infant morbidity, and evaluating the overall effect of interventions to promote breast-feeding. Simplicity is one of the major concerns in constructing indices. The proposed scoring system is simple and easily applicable in other settings and countries with representative data such as DHS, national nutritional surveys, or appropriately designed surveys of smaller geographic areas. However, the same index with equal weights cannot be applied without data on all seven indicators.
We have combined indicators that refer to different time periods in a single summary index of infant feeding in populations. The use of indicators for current practices based on feeding patterns in the 24 hours prior to interview may have resulted in some non-differential misclassification due to day-to-day variation in the intake of any solids and non-breast-milk liquids. We have accepted this limitation because this approach is well established in many surveys of infant feeding. Recall bias may limit the validity of past information but since the index is for populations of infants ,6 months old, we assume that any inadequate recall of early infant feeding practices by mothers would be minimal. Despite these limitations, the combination of these indictors referring to different time periods can provide an estimate for overall infant feeding practices in populations of young infants.
There is no clear evidence to justify giving different weights for different components. We considered an alternative method using PCA to weight the components of the index, but this more complex method produced similar weights and results to those of the equal weight method. The tertiles of the equal weight method were highly and significantly correlated (r ¼ 0.9346, P , 0.0001) with those of the PCA method. Our results indicate that , 6-month-old infants from the richest households were at a greater risk of having poor breast-feeding practices than infants from the poorest households. These results are supported by studies from India and Africa that have revealed lower current breastfeeding and higher bottle-feeding rates among socioeconomically privileged mothers 8, 25, 26 . However, a review of factors associated with the initiation and continuation of breast-feeding among Western women has highlighted a less consistent association between socio-economic status and breast-feeding practices 7 . Evidence from Timor-Leste suggests that breast-feeding promotion programmes should pay more attention to mothers from the richest families in order to achieve and maintain high breastfeeding target rates.
Maternal nutritional status was a strong predictor of breast-feeding behaviours. Previous studies have recognised maternal overweight and obesity as risk factors for initiation and duration of breast-feeding 27 -29 . Results from our study revealed that maternal undernutrition is also a strong predictor of poor breast-feeding practices. Mothers with BMI ,18.5 kg m 22 were 1.79 times (95% CI 1.27-2.52) more likely to have a 'low BPI' than those with BMI $ 18.5 kg m
22
. This could be due to insufficient milk production by these thin mothers or their belief they do not having enough milk. The implications for practice of our findings are twofold: in the short term breast-feeding promotion should be focused on mothers with low BMI; but in the long term interventions to improve the nutritional status of women in Timor-Leste are essential.
Our study indicated that the first-born infants were often inadequately breast-fed. Evidence from previous studies suggests that successful breast-feeding is strongly influenced by parity 27, 30 . As primiparous mothers have no previous experience with breast-feeding, it is important to target this group in breast-feeding promotion and support programmes. Family members and health-care providers have a significant role to play in providing psychosocial and physical support for these mothers.
Our findings revealed that there was a significantly higher proportion of infants with adverse health outcomes such as diarrhoeal diseases and acute respiratory infections among the 'low BPI' group compared with the 'average BPI' and 'high BPI' groups. These associations suggest the usefulness of the index in assessing health outcomes of infants aged , 6 months. The feeding index developed by Ruel and Menon for children aged 6-36 months has been successfully used to estimate the strength of the association between child feeding practices and child nutritional status 3, 17, 18 . Some of these studies found that the child feeding index was associated with heightfor-age Z-score 3,17 while others did not find any association 18 . It is less likely that the BPI will be associated with anthropometric indicators in infants because other factors, such as birth weight and maternal malnutrition, will have a greater impact on the anthropometric status of these young infants 31, 32 . However, the BPI might be useful to predict growth and this question needs to be examined in longitudinal studies. Similarly, a more rigorous assessment would be needed to support the association between BPI and infant morbidity while taking into account potential confounding variables like age and home environments.
One limitation of composite indices is that they obscure the individual practices that constitute the index, and thus may mask the existence of important relationships between specific practices and the determinants or outcomes of interest. The complex association between BPI, household wealth index and BMI is a good example where one cannot explain the associations without looking into individual practices. Despite high BMI, rich mothers had a significantly higher bottle-feeding rate and gave formula feeds to their infants (see Table 2 ). These practices led to a low BPI in rich mothers. Therefore, the BPI should be applied with careful consideration of its appropriateness for individual assessments, while also assessing conventional indicators. Our study did not investigate the usefulness of a composite index of breastfeeding in monitoring and evaluation of interventions. A single cross-sectional dataset was not suitable for such an evaluation. We recommend further studies to address this topic using before-and-after quasi experiments or randomised controlled trials in which a variety of indicators, including the composite BPI, would be used to evaluate the impact of the intervention.
In conclusion, our findings indicate that creating a composite index to assess the overall breast-feeding performance among infants ,6 months of age is feasible using data available in a DHS from Timor-Leste. The Breast-feeding Performance Index can be effectively used to identify vulnerable groups that could be targeted by breast-feeding promotion interventions. The index can also be helpful in establishing the association between breast-feeding and infant morbidity outcomes.
